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Background: The purpose of the study is to determine whether exposure to malnutrition during early life is
associated with increased risk of stomach cancer in later life.
Methods: The design protocol included analyzing the trend of gastric cancer mortality and nutrition and
evaluating the association between nutrient deficiency in early life and the risk of gastric cancer by hierarchical
age–period–birth cohort (APC) analysis using general log-linear Poisson models and to compare the difference
between birth cohorts who were exposed to the 1959–1961 Chinese famine and those who were not exposed to
the famine. Data on stomach cancer mortality from 1970 to 2009 and the dietary patterns from 1955 to 1985 which
included the 1959–1961 Chinese famine period in the Zhaoyuan County population were obtained. The nutrition
information was collected 15 years prior to the mortality data as based on the latest reference of disease
incubation.
Results: APC analysis revealed that severe nutrition deficiency during early life may increase the risk of stomach
cancer. Compared with the 1960–1964 birth cohort, the risk for stomach cancer in all birth cohorts from 1900 to
1959 significantly increased; compared with the 1970–1974 cohort, the risk for stomach cancer in the 1975–1979
cohort significantly increased, whereas the others had a steadily decreased risk; compared with 85–89 age group in
the 2005–2009 death survey, the ORs decreased with younger age and reached significant levels for the 50–54 age
group after adjusting the confounding factors. The 1930 to 1964 group (exposed to famine) had a higher mortality
rate than the 1965 to 1999 group (not exposed to famine). For males, the relative risk (RR) was 2.39 and the 95%
confidence interval (CI) was 1.51 to 3.77. For females, RR was 1.64 and 95% CI was 1.02 to 2.62.
Conclusion: The results of the present study suggested that prolonged malnutrition during early life may increase
the risk of stomach cancer mortality in later life.
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The incidences and mortality rates of gastric cancer have
decreased worldwide over the past decades [1-4]. Never-
theless, this cancer remains the second most important
cause of cancer death, especially in China [5,6]. The rela-
tionship between nutritional conditions of early life and
mortality due to gastric cancer in later life has been the
subject of debate. Some studies have observed the asso-
ciation between gastric cancer and substandard living* Correspondence: haoli2003611@163.com
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reproduction in any medium, provided the orconditions, including a high infant mortality around the
time of birth [7,8] as well as low socio-economic gradi-
ents and circumstances during early life [9-12]. In con-
trast, no association was observed in other studies [13].
During infancy and childhood, factors such as salt con-
sumption, vitamin C intake [14], and Helicobacter pylori
(H. pylori)infection [15] may be linked to the etiology of
stomach cancer.
A recent study has revealed that several citrus compo-
nents strongly suppress CD74 (a new receptor for H. pyl-
ori urease) expression in the gastric carcinoma cell line.
Auraptene (citrus coumarin) is found to disrupt serum
starvation-induced extracellular signaling-regulated kinasehis is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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IL-8 production in a co-culture system [16]. Favorable
developments in childhood nutrition may have contribu-
ted to the obvious decline in stomach cancer mortality.
There is some evidence in population health literature
showing that exposure to malnutrition in the fetal period
and early childhood exerts significant lasting effects on
health [17,18]. Famines provide a quasi-experimental
setting for observation of the long-term effects of nutri-
tional deprivation on human development. Exposure to
famine in early life is associated with an increased risk of
metabolic syndrome development in later life, which
included hypertension [19-21], insulin resistance [22-25],
central obesity [26-28] and dyslipidemia [29,30]. One
current study provided further evidence that both fetal
and infant exposure to severe famine increased the clus-
tering of the metabolic risk factors that predispose a per-
son to type 2 diabetes and cardiovascular disease [31].
To date, linkage of exposure to the Chinese famine with
the risk of stomach cancer in later life has not been
reported.
The 1959–1961 Chinese famine was the largest in
human history, and affected all of China. The genesis of
the famine was the “Great Leap Forward” campaign
launched by Mao in 1958 [32,33]. Zhaoyuan County,
one of the most severely affected rural counties at that
time, was among the places in China with the highest
stomach cancer mortality rates according to the first
cancer death survey conducted from 1970–1974 in
Shandong Province. Since then, data on all causes of
deaths in the area have been monitored [34].
The aim was to describe the mortality trends among
successive birth cohorts considering malnutrition in the
early decades of their lives. The main hypothesis was
that malnutrition during childhood or early life is asso-
ciated with increased risk for developing stomach cancer
in later life. We used data on the stomach cancer mor-
tality prevalence in a population at risk for high mortal-
ity, i.e., the Zhaoyuan County population. Using these
data, we evaluated the stomach cancer mortality trends
in the different cohorts. Exposure to the Chinese famine
was found to correspond closely with long-term malnu-
trition during early life.
Methods
Study design
The human subject protocol for this study was approved
by the Ethics Committee of the Medical Faculty of the
Shandong Academy of Medical Sciences.
The design of the present study consisted of three
parts: (1) to analyse the trend of gastric cancer mortality
during 1970–2009 in Zhaoyuan County and to estimate
the least reference of the incubation period of gastric
cancer; (2) to evaluate the efficacy of nutrient deficiencyand whether it is linked with the risk of gastric cancer
by hierarchical age-period-cohort (APC) analysis of the
available surveillance data; (3) to compare the difference
in the risk of gastric cancer mortality between the birth
cohorts who were exposed to the 1959–1961 Chinese
famine and the birth cohorts who were not exposed to
the famine.
Data of mortality stomach cancer
Data on the number of deaths due to stomach cancer in
the population between 1970 and 2009 were obtained.
Data for the period of 1970 to 1984 came from three
retrospective death surveys (1970–1974, 1975–1979, and
1980–1984) carried out by our research group [6]. Data
for the period of 1985 to 2009 came from the death
registration division of the Center of Disease Control
and Prevention of Zhaoyuan County, which only started
registering deaths in 1985.
In order to control the data quality, an internal pro-
cedural check system, which evaluated timeliness of
death registration, completeness of entries in the regis-
tration form, and the accuracy of data entry errors were
corrected through re-checking the hospital records
for each death. Data validity and completeness were
evaluated using indices such as the proportion of micro-
scopically verified cases (MV%), the proportion of death-
certificate-only registrations (DCO%), and the mortality
to incidence ratio (M: I) [35]. For the eight death survey
periods (1970–1974, 1975–1979, 1980–1984, 1985–
1989, 1990–1994, 1995–1999, 2000–2004, and 2005–
2009), the MV% values were 42.7%, 43.5%, 45.7%, 44.3%,
47.5%, 49.8%, 47.3%, and 48.2%, respectively. The DCO%
values were 2.1%, 1.8%, 2.5%, 1.9%, 1.0%, 0.9%, 0.8%, and
0.02% respectively. Other cases were diagnosed by gas-
troscopy or X-ray barium meal examination without sur-
gical treatment. The M: I values were between 70.0 and
75.0 from 1985 to 2009. This is consistent with the re-
port from Qidong County of China [36]. Rao et al.
(2007) used the hospital codes for each death as a stand-
ard classification system to assess validity of registration
diagnoses for urban China and the validation sensitivity
of stomach cancer was 91.7% (95% confident interval:86-
97%) [37]. The validation sensitivity of gastric cancer in
Zhaoyuan County was 90.1% - 95.6% during the study
period.
The code corresponding to stomach cancer in the
International Classification of Diseases was 151 in the
9th revision (1979–1994) and C16 in the 10th revision
(1995–2009). Based on these data, the age-specific mor-
tality by gender was calculated for 13 five-year age
groups (20 to 84) and 8 five-year periods (1970 to 2009).
Using these classifications, 20 overlapping five-year birth
cohorts were identified and defined according to the
central year of the birth cohort. Crude and age-specific
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tween 1970 and 2009. The age-standardized rates were
calculated by the direct method using the world stand-
ard population (National Office for Cancer Prevention
and Control, 1980).Data of malnutrition
Based on the present study data of gastric cancer, we
estimated that the least reference of incubation period of
gastric cancer was 15 years (shown below). The nutrition
information was collected 15 years prior to the gastric
cancer mortality data.
Data on the grain per capita from 1955 to 1985 for
farmers came from the historical records of Zhaoyuan
County Annals [38]. The nutritional components includ-
ing calocalorie, protein, fat, and carbohydrate were cal-
culated using a method from the book entitled “China
Food Composition 2004” [39].
The malnutrition criterion was based on the study of
Pertha and Debraj (1986) [40], who stated that “the aver-
age population caloric need for productive agricultural
laborers (or for normal child development) is 1870.7 cal-
ories per day, and the average need to stay alive is ap-
proximately 804.4 calories per day.”
Regarding the food consumption pattern of the studied
population, vegetables were the priority. About 90%cal-
oric and more than 80% protein intakes were from vege-
tables before the economy was reformed and opened
[41,42]. Therefore, the total average grain per capita was
used to estimate the nutritional components in the
present study. There was no available historical data on
animal meat in the annals of the county. Hence, we
adjusted the caloric and protein consumptions by a
multiplier of 1.10 (i.e., equal to 1 divided by 90% or
80%).Famine severity
First, we adopted the approach used by Chen and Zhou
(2007), who used excess mortality in 1959–1961 at the
province level to generate a measure of severity of the
famine [20]. The excess mortality was calculated as the
difference between death rates in the famine year and
the average of death rates in 1956–1958. Table 1 shows
the mortality rates of 1955 to 1966 and the excess death
rates of 1959–1963 in Zhaoyuan County. The death
rates were relatively stable prior to 1959, but during
1959–1963, death rates rose sharply and were on average
significantly higher than the years before and after the
famine. The time period (1959–1963) of the famine in
Zhaoyuan County was longer than the average 3 years
(1959–1961) of the famine in the whole of Shandong
Province. The worse period of the famine in Zhaoyuan
County was also from 1959 to 1961.Second, we used the method put forward by Huang,
et al. (2010), who used cohort size shrinkage index
(CSSI) to evaluate the famine severity for each county in
China [21]. The CSSI = (Nnonfamine – Nfamine)/Nnonfamine.
Where the Nfamine is the mean cohort size of a person
born during the famine years (1959–1961) and the
Nnonfamine is the mean cohort size of a person born
during the 3 years immediately before the famine
(1956–1958) and the 3 years immediately after the
famine (1962–1964) in Zhaoyuan County [43]. As
shown in Table 1, the CSSI was 0.66 for the famine in
Zhaoyuan County, and it was near the highest value of
35 counties famine indexes (from 0.24 to 0.64)
reported by Huang, et al. [21].
Statistics
The annual percent change was calculated using the
Joinpoint regression model. The software used enabled
the determination of the statistical significance of an ap-
parent change in trend [44]. The frequencies of the incu-
bation periods for gastric cancer were groups of 5-year
intervals, the cumulative percentages were determined
at these intervals and the logarithms of these values were
plotted on normal probability graph paper. The value of
the median was the incubation period of gastric cancer
to be estimated following exposure to the 1959–1963
Chinese famine in Zhaoyuan County [45].
To evaluate the independent variables (age, period,
birth cohort, and famine) associated with the risk of
stomach cancer, general log-linear Poisson models were
fitted by a maximum likelihood method. The stomach
cancer mortality was assumed to follow a Poisson distri-
bution. Each factor in the models had an additive effect
on the log rate as follows:
log λijk ¼ μþ αi þ πj þ γk þ xþ zj þ Eijk ;
Where the age effect is represented by αi (i= 1,. . ., 13),
the period effect is πj (j= 1,. . ., 8), the birth cohort effect
is γk (k= 1,. . ., 20), the gender effect is x, and the famine
effect is zj (j= 0, 1). Eijk represents the random error.
In the general log-linear Poisson model, the dependent
variable was the number of deaths, with the person-
years at risk as the offset variable. As independent vari-
ables, we included age and birth cohorts with five-year
intervals and eight periods of five-year intervals from
1970 to 2009. The parameters were estimated as the
relative risk (OR) using data on the 80–84 age group,
1970–1974 death survey period, and 1890–1894 birth
cohort as the reference values (1.0).
To evaluate the independent variables, i.e., age–
period–birth cohort (APC), famine, and gender asso-
ciated with the risk of stomach cancer, three general
log-linear Poisson models were fitted by a maximum
Table 1 Death rates of 1955–1966 and excess death rate of 1959–1962 and the number of person born during 1956–
1964 in Zhaoyuan
1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966
Panel A: Death rates in Shandong Province and Zhaoyuan County
Sandong a, b 12.1 12.1 12.8 18.2 23.6 18.4 12.4 11.8 12.0 10.2 9.9
Zhaoyuan 13.7 13.6 13.5 19.0 21.4 21.7 18.1 16.6 14.2 12.3 10.8
Panel B:a Excess death rates in Shandong Province and Zhaoyuan County
Sandong Province 5.9 11.3 6.07
Zhaoyuan 5.4 7.8 8.1 4.5 3.0 0.6
Panel C: The number of person born during 1956–1964 in Zhaoyuan County b
Cohort (born year) 1956 1957 1958 1959 1960 1961 1962 1963 1964
population 12638 14732 10856 10751 11364 9393 16899 20176 17602
CSSIc 0.66
a: The excess death rates in Shandong Province is adapted from Chen and Zhou (2007), Table 1, P664.
b: Data source: Shandong Bureau Statistics and Population Census Office. 1949–1984 A Compilation of Population Statistical Data. Jinan, Shandong Bureau
Statistics Jining Press 1985.
c: Abbreviation used: CSSI, cohort size shrinkage index.
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variable was the number of stomach cancer deaths,
with the person-years at risk as the offset variable. In
one model, the independent variables included the fac-
tor of period as well as covariates of gender, age, and
famine. The second model included the factor of age
as well as covariates of gender, period, and famine.
The third model included the factor of birth cohort as
well as covariates of gender, period, and famine.
The ORs for these parameters were adjusted with re-
spect to other parameters as derived from the best-fit
model. There was a high correlation between the age
and birth cohort. Thus, to avoid the colinearity in the
APC regression model, the two variables were not
included in the same regression model.
To evaluate the long-term effect of famine on stomach
cancer, we compared the stomach cancer deaths be-
tween two groups with and without exposure to malnu-
trition. The former included 7 five-year birth cohorts
from 1930 to 1964, and was compared with the death
data from 1970–1974. The latter included 7 five-year
birth cohorts from 1965 to 1999, and was compared
with the death data from 2005–2009. Statistical analysis
was conducted using SPSS version 17.0.
Results
Descriptive analysis
The accumulative total population in Zhaoyuan County
was 2,411,412 during the 1970–1974 death survey and
2,830,866 during the 2005–2009 death survey. The
stomach cancer mortality per 100,000 individuals by
gender and survey periods is shown in Table 2 and
Figure 1. The respective crude and standardized mortal-
ity rates of stomach cancer were 34.94 and 44.82 per
100,000 individuals in the 1970–1974 death survey and42.20 and 24.43 per 100,000 individuals in the 2005–
2009 death survey. Despite an increase in stomach can-
cer mortality in the 1970–1974 and 1975–1984 death
surveys, a remarkable general decrease was noticed from
1985 to 2009. Using the Jionpoint regression models, the
annual percent change in stomach cancer mortality
rates was −2.64% (95% confidence interval, CI =−3.88%
and −1.37%) from 1985 to 2009. The annual changes
were −2.07% (95% CI =−3.19% and −0.94%) for males
and −2.09% (95% CI =−3.11% and −1.06%) for females
during the same period. The stomach cancer mortality
peaked in 1975–1979. This period was 15 years to
20 years after the 1959–1961 Chinese famine, which
ended in 1963. For the present data following exposure
to the 1959–1961 Chinese famine, the incubation period
of gastric cancer was estimated as 17.3 (99% confident
interval:15.5-19.1) years.
Figures 2-A and 2-B show the age-specific mortality
rates of males and females for the different birth cohorts.
The age-specific mortality rate of stomach cancer
decreased in the more recent birth cohorts. Within each
birth cohort, the mortality rates of stomach cancer were
found to decrease with age.
The average farmer’s food consumption per capita
from 1955 to 1985 in Zhaoyuan County is shown in
Figure 3-A. Figure 3-B shows the average calorie, carbo-
hydrate, protein, and fat per capita per year of Zhaoyuan
residents from 1950 to 1985. The average caloric levels
from 1960 to 1961 were near the average level of sur-
vival for the residents.
Risk factors associated with stomach cancer mortality by
a log-linear general Poisson regression model
As shown in Table 3 and Figure 4, the results of the ana-
lysis using a log-linear general Poisson regression model
Table 2 Mortality rates of stomach cancer during the eight periods of 1970–2009 in Zhaoyuan County (Rate per
100,000)*
Period Males Females Total
Crude mortality Standardized mortality Crude mortality Standardized mortality Crude mortality Standardized mortality
1970-1974 45.98 63.11 24.02 28.82 34.94 44.82
1975-1979 67.27 91.47 28.83 36.76 48.13 68.24
1980-1984 68.73 74.22 30.21 30.59 49.54 51.50
1985-1989 56.29 57.9 32.44 27.45 44.34 41.55
1990-1994 50.16 54.66 29.90 25.01 40.05 42.05
1995-1999 60.55 65.31 36.83 28.42 48.73 43.63
2000-2004 49.78 37.61 30.67 18.70 40.18 27.37
2005-2009 57.02 36.48 27.50 13.91 42.20 24.43
*: Standardized mortality calculated in direct method by world standard population.
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1964 birth cohort, the risk for stomach cancer in all
birth cohorts from 1900 to 1959 significantly increased
after adjusting gender, age, period, and famine factors;
(2) compared with the 1970–1974 cohort, the risk for
stomach cancer in the 1975–1979 cohort significantly
increased, whereas the others had a steadily decreased
risk; (3) compared with 85–89 age group in the 2005–
2009 death survey, the ORs decreased with younger age
and reached significant levels for the 50–54 age group
(P< 0.005); and (4) compared with females, males had
increased risk for stomach cancer (OR= 2.31; 95% CI =
2.22 and 2.41) after adjusting the confounding factors.
Comparison of the risk for stomach cancer between the
two groups with and without exposure to the Chinese
famine
As shown in Table 4, the standardized mortality rates of
stomach cancer in the 7 five-year birth cohorts from 1930
to 1964 (exposed to famine) were 10.26 per 100,000 for
males and 2.20 per 100,000 for females in the 1970–1974Figure 1 The mortality rates of males and females during 1970–2009
calculated by the percentages of world population in 1980).death survey. However, the standardized mortality rates of
stomach cancer in the 7 five-year birth cohorts from 1965
to 1999 (not exposed to famine) were 7.67 per 100,000 for
males and 2.34 per 100,000 for females in the 2005–2009
death survey period. The group exposed to famine had an
increased risk for stomach cancer, with relative risk (RR)
values of 2.39 (95% CI= 1.51 to 3.77) for males and 1.64
(95% CI= 1.02 to 2.62) for females.Discussion
The major finding in the present study was that the
Zhaoyuan population, which experienced long-term nu-
tritional deficiencies from childhood to adolescence, had
increased risk for stomach cancer 15 to 20 years after
the 1959–1961 Chinese famine. The birth cohorts who
were exposed to famine or experienced malnutrition had
higher stomach cancer mortality rates in later life than
the birth cohorts not exposed to malnutrition. For the
first time, we reported that exposure to famine in early
life may increase the risk of gastric cancer in later life.in Zhaoyuan County (Note: The standardized mortality was
Figure 2 A Age-specific mortalities of stomach cancer by the year of birth for males during the period of 1970–2009; Figure 2-B
Age-specific mortalities of stomach cancer by the year of birth for females during the period of 1970–2009.
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Zhaoyuan County is located 120° 08' to 120° 38' E and
37° 05' to 37° 33' N in the Shandong Peninsula. Before
the era of economic reformation and open policy inChina, the county was a poor agricultural location
given its mountainous terrain with infertile soils. The
annual average net income of farmers was less than
USD50.
Figure 3 A The average means of food consumption per capita for rural residents during 1955–1985 in Zhaoyuan County. Figure 3-B
The average means of nutrition consumption per capita for rural residents during 1955–1985 in Zhaoyuan County. Note: caloric unit is kilo-calorie.
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County is identical to that in the entire Shandong Prov-
ince and China [6,46]. Over the past three decades, the
survival for the disease has significantly improved. How-
ever, from 1970 to 1990, the five-year survival rates for
patients with stomach cancer were 20% to 30% [47,48].
This finding may have an insignificant impact on the
mortality trend from the long-term observation in the
present study.
To support the above conclusion, information on
long-term nutritional deficiency needs to be produced tofulfill the objective of the present study. From the estab-
lishment of the People’s Republic of China in 1949 until
1987, which entailed agricultural and societal reforms,
the food of farmers was rationed by local rural commu-
nity governments. This system of food assignment,
which was unique to China, was recorded in the county
annals.
World War II and a long civil war did not cause the
Chinese people to suffer from nutritional deficiencies
until the middle of the 1970s. The 1959–1961 Chinese
famine was the most serious famine in the 20 th century.
Table 3 The relative risk of stomach cancer mortality for famine and age-cohort-period analysis a
Factor OR(95%CI) Factor OR(95%CI) Factor OR(95%CI)
Age Cohort period
20- 0.02(0.00-0.11) 2005-2009 0.00 2005-2009 0.99(0.41-2.39)
25- 0.04(0.01-0.20) 2000-2004 0.00 2000-2004 0.84(0.39-1.84)
30- 0.08(0.02-0.33) 1995-1999 0.66(0.08-5.70) 1995-1999 1.11(0.56-2.20)
35- 0.11(0.03-0.41) 1990-1994 0.19(0.03-1.24) 1990-1994 0.77(0.42-1.40)
40- 0.19(0.06-0.60) 1985-1989 0.71(0.15-3.35) 1985-1989 0.68(0.40-1.16)
45- 0.28(0.10-0.78) 1980-1984 0.26(0.06-1.16) 1980-1984 0.73(0.45-1.18)
50- 0.36(0.15-0.88) 1975-1979 0.62(0.31-1.25) 1975-1979 1.42(1.22-1.66)
55- 0.51(0.24-1.10) 1970-1974 0.60(0.36-0.99) 1970-1974 1.00
60- 0.68(0.36-1.29) 1965-1969 0.88(0.63-1.23)
65- 0.76(0.46-1.29) 1960-1964 1.00
70- 0.96(0.65-1.43) 1955-1959 1.60(1.22-2.08)
75- 0.93(0.70-1.23) 1950-1954 1.89(1.35-2.66)
80- 0.97(0.81-1.17) 1945-1949 2.32(1.50-3.60)











a: adjusted for famine and gender; 95% CI = 95% Confidence Interval. b : Age 85- years at the period 2005–2009 as the baseline in the age model. c : the period
1970–1974 as the baseline in the period model; d : the birth cohort 1960–1964 as the baseline in the birth cohort model.
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grain, which is the main component of the Chinese diet,
fell by 51.39% and 40.97%, respectively, relative to that
in 1959 (144 kg per capita) [49].Figure 4 Relative risks of birth cohorts on stomach cancer mortality cThe severity of the 1959–1961 Chinese famine varied
across regions and affected rural areas disproportionately
[21,50]. Also, its duration varied geographically. The
duration for most areas was from 1959 to 1961, but, forompared to the birth cohort of 1960–1964 as the baseline.
Table 4 Stomach cancer mortality compared between famine exposure for the birth cohorts of from 1960–1964 to
1930–1934 in survey time of 1970–1974 and no famine exposure the birth cohorts of from 1995–1999 to 1965–1969
























Yes 727391 1160 63 8.66 10.26
2005-2009 1965-1969 to
1995-1999




Yes 700724 889 45 6.42 7.67
2005-2009 1965-1969 to
1995-1999
no 713375 530 28 3.93 2.34
a: When comparing the rates of stomach cancer mortality of born in 1965–1999 who without exposure to the famine with that of born in 1930–1964 who
exposure to the famine, the Pearson Chi-square: 14.815, P< 0.001 for males, and that the Pearson Chi-square: 4.269, P = 0.039 for females, respectively. b: Standard
mortality was calculated by the world population of National Office for Cancer Prevention and Control. 1980, and the unit was 1/100,000.
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later [51]. The famine in Zhaoyuan County was one of
the worst and its duration was from 1959 to 1963.
From 1955 to 1959, sweet potatoes accounted for
29.7% of the total food consumed by Zhaoyuan resi-
dents. In the winter of 1959, the sudden drop in
temperature and misgovernance resulted in sweet potato
damage, and consequently, severe food shortages. The
government attempted to alleviate this situation by pro-
viding 100 g of grain per person per day. Inevitably,
people still experienced malnutrition. The average cal-
oric levels per capita from 1960 to 1961 were near the
average survival level for Zhaoyuan residents (Figure 2).
Moreover, unlike any other famine in history, the
1959–1961 Chinese famine did not result in mass migra-
tion. The central and local governments prevented the
migration of famine-stricken populations to other
regions in search of food [33]. In the present study, the
results of the APC analyses indicated that severe nutri-
tional deficiency during early life may increase the risk
for developing stomach cancer in later life. Therefore, a
credible association between gastric cancer death rates
and exposure to malnutrition indeed exists.
Interpretable mechanisms
Subtle nutritional stimuli during specific critical devel-
opmental periods in early life, including the prenatal and
early postnatal periods, can accelerate the carcinogenic
response and induce persistent changes in gene expres-
sion as well as metabolism via the modulation of genetic
and epigenetic mechanisms. However, this hypothesis
needs further investigation.
Human risk factors for gastric cancer include H. pylori,
dietary intake of those same N-nitrosamines or of nitritewhich forms those N-nitrosamines in the stomach.
Physiological actions of H. pylori colonization enhance
the carcinogenic effect of N-nitrosamines delivered by
smoking or dietary sources. This effect is modulated by
host inflammatory response to the organism, by various
virulence and other properties of the Helicobacter itself,
and by host-organism interactions [52].
In 1989 we reported that less vitamin B1 in dietary in-
take and heavy alcohol drinking were associated with
statistically significant increased risk for patients with
atrophic gastritis at age 30–65 years [53]. At the same
time, our colleagues found that the prevalence of per-
sons infected by H. pylori [54] and the nitrite concentra-
tions in a normal person’s gastric juice and drinking
water were significantly higher in the high-incidence
area than that in the low-incidence area of stomach can-
cer in Shandong Province [55].
Nutritional deficiency also predisposes to H. pylori in-
fection. Many studies have demonstrated that this infec-
tion plays an important role in the development of
noncardia gastric cancer [56,57]. A few studies in China
have shown that this infection increases the risk of stom-
ach cancer, and that the elimination of this infection from
the stomach by drugs can decrease the risk [58-60].
A recent study has shown that CD74 expression in the
gastric carcinoma cell line is related to H. pylori adhe-
sion [6]. On the other hand, under a famine situation,
people consume low-nutrition foods such as citrus cou-
marin, or risky foods such as salted meat. Consequently,
the probability of H. pylori bacteria invading the epithe-
lial cells of the stomach mucosa increases due to the
high expression of CD74.
However, an EPIC cohort study has indicated that ad-
herence to a Mediterranean diet is associated with a
Li et al. BMC Cancer 2012, 12:315 Page 10 of 12
http://www.biomedcentral.com/1471-2407/12/315significant reduction in the risk of gastric adenocarcin-
oma (hazard ratio = 0.67; 95% CI = 0.47 and 0.94) [61].
On the other hand, a review of H. pylori infection in the
Middle East shows that the prevalence of this infection
in this region is similar to that in developing countries
[62]. This finding implies that H. pylori invasion into the
epithelial cells of the gastric mucosa may be a key factor
for increased gastric cancer risk. The hypothesis is sup-
ported by recent study which found that malnutrition
immediately after surgery may play a significant role in
the development of wound complications [63].
Human risk factors for gastric cancer also include al-
cohol beverages [64]. Acetaldehyde derived from the
alcoholic beverage itself and endogenously formed
from ethanol has recently been classified by the Inter-
national Agency for Research on Cancer/World Health
Organization as a group 1 carcinogen to humans [65].
ALDH2 gene polymorphisms were found to modify
the susceptibility to the development of gastric cancer
associated with alcohol intake, especially in case of
the ALDH2 *1/*2 genotype. The findings suggest an
alcohol-ALDH2 genotype interaction in gastric carcino-
genesis [66].
In summary, a possibly explanation for the association
between exposure to famine and stomach cancer is that
famine exposure in the early life damaged the mucous
membrane of stomach or made it suffer tremendous loss
in strength or resources so that some carcinogens in-
cluding H. pylori, N-nitrosamines and acetaldehyde
could easily intrude into the mucosa. Moreover, poly-
morphisms of some genes coordinated in the attack to
develop the mucosa cells malignant mutation. The long-
term carcinogenic process may consist of initial malnu-
trition stimulation and followed with reserve exposure
to some risk factors for high-susceptibility persons of
the disease.
Conclusion
The results of the present study suggested that severe
nutritional deficiency during early life may increase the
stomach cancer risk. The birth cohorts who were
exposed to famine or malnutrition had higher stomach
cancer mortality rates in later life than the birth cohorts
who were not exposed to malnutrition. This finding may
guide the etiological research for the association between
some nutritional components and stomach cancer
development.
Limitation of this study is that the observation time is
not long enough to evaluate age 50 years and over with-
out famine exposure. Therefore, further follow up of the
mortality and incidence of stomach cancer for those
cohorts is needed to get the final evidence of the famine
to be associated with the risk of stomach cancer
development.Competing interests
There are not any conflicts of interest to declare for all authors of the
manuscript.
Acknowledgements
The Project supported by National Natural Science Foundation of China,
No.30571601,the 2007 Natural Science Foundation of Shandong Province
(No. Y2007C042), the 2006 Doctor Fund Projects of Shandong Province of
China (No. 2006BS03061) and a major research project of Shandong Province
in 2010 (No. 2010GSF10260). The authors sincerely thank Prof. Masoud Amiri
and Prof. Cheng Huang for revision suggestions. Thanks to Dr. Edward C.
Mignot, Shandong University, for linguistic advice.
Author details
1Department of Medicine, Qilu Hospital of Shandong University, Jinan, China.
2Tumor Center, Qilu Hospital of Shandong University, Jinan, China.
3Department of Epidemiology, College of Public Health of Shandong
University, Jinan, China. 4Center of Disease Control and Prevention of Jinan,
Jinan, China. 5Department of Environmental Medicine, School of Medicine
New York University, New York, USA. 6Department of Epidemiology, Institute
of Basic Medicine of Shandong Academy of Medical Sciences, Jinan, China.
7Center of Disease Control and Prevention of Shandong Province, Jinan,
China. 8Center of Disease Control and Prevention of Zhaoyuan, Zhaoyuan,
China.
Authors’ contributions
Members listed below made their respective contributions to this
manuscript. Professor QDL and HL designed the skeleton of this study,
supervised the epidemiological survey, performed the statistical analysis and
drafted the manuscript. JFL, MSW, JZL, JH, QHL, XJM and DNW carried out
the data investigation, entered it and analysis. All authors read and approved
the final manuscript.
Received: 10 January 2012 Accepted: 17 July 2012
Published: 28 July 2012
References
1. Kelley JR, Duggan JM: Gastric cancer epidemiology and risk factors. J Clin
Epidemiol 2003, 56:1–9.
2. Bosetti C, Bertuccio P, Levi F, Lucchini F, Negri E, La Vecchia C: Cancer
mortality in the European Union, 1970–2003, with a joinpoint analysis.
Ann Oncol 2008, 19:631–640.
3. Yang L: Incidence and mortality of gastric cancer in China. World J
Gastroenterol 2006, 12:17–20.
4. Gliksman MD, Kawachi I, Hunter D, Colditz GA, Manson JE, Stampfer MJ:
Childhood socio-economic status and risk of cardiovascular disease in
middle aged US women: a prospective study. J Epidemiol Community
Health 1995, 49:10–15.
5. Lambert R, Guilloux A, Oshima A, Pompe-Kirn V, Bray F, Parkin M: Incidence
and mortality from stomach cancer in Japan, Slovenia and the USA. Int J
Cancer 2002, 97:811–818.
6. Li H, Diao YT, Ma JX, Xu AQ, Li HQ, Ma Q: Time trends on the prevalence
of cancer during 1970–2005 in Shandong province. Zhonghua Liu Xing
Bing Xue Za Zhi 2009, 30(6):592–595. In Chinese.
7. Ben-Shlomo Y, Smith GD: Deprivation in infancy or in adult life: which is
more important for mortality risk? Lancet 1991, 337:530–534.
8. Leon DA: Davey-Smith G.: Infant mortality, stomach cancer, stroke, and
coronary heart disease: ecological analysis. BMJ 2000, 320:1705–1706.
9. Davey-Smith G, Hart C, Blane D: Hole D. Adversesocioeconomic conditions in
childhood and cause speci.cadult mortality: prospective observational study.
BMJ 1998, 316:1631–1635.
10. Aragones N, Pollan M, Rodero I, Lopez-Abente G: Gastric cancer in the
European Union (1968–1992): mortality trends and cohort effect. Ann
Epidemiol 1997, 7:294–303.
11. Quinn MJ: d’Onofrio A, Moller B, Black R, Martinez-Garcia C, Moller HH:
Cancer mortality trends in the EU and acceding countries up to 2015.
Ann Oncol 2003, 14:1148–1152.
12. La Vecchia C, Negri E, Levi F, Decarli A, Boyle P: Cancer mortality in Europe:
effects of age, cohort of birth and period of death. Eur J Cancer 1998,
34:118–141.
Li et al. BMC Cancer 2012, 12:315 Page 11 of 12
http://www.biomedcentral.com/1471-2407/12/31513. Amiria M, Kunsta AE: anssena F, Mackenbacha JP: Trends in stomach
cancer mortality in relation to living conditions in childhood. A study
among cohorts born between 1860 and 1939 in seven European
countries. European J. Cancer 2006, 42:3212–3218.
14. Mayne S, Navarro S: Diet, obesity, and reflux in the etiology of
adenocarcinomas of the esophagus and gastric cardia in humans. J Nutr
2002, 132:3467S–3470S.
15. Ando T, Goto Y, Maeda O, Watanabe O, Ishiguro K, Goto H: Causal role of
Helicobacterpyloriinfection in gastric cancer. World J Gastroenterol 2006,
12:181–186.
16. Sekiguchi H, Irie K, Murakami A: Suppression of CD74 expression and
Helicobacter pylori adhesion by auraptene targeting serum starvation-
activated ERK1/2 in NCI-N87 gastric carcinoma cells. Biosci Biotechnol
Biochem 2010, 74(5):1018–1024.
17. Hertzman C, Power C: Health and human development: understanding from
life-course research. Developmental Neuropsychology 2003, 24(2–3):719–744.
18. Hertzman C, Wiens M: Child development and long-term outcomes: a
population health perspective and summary of successful interventions.
Social Sciences and Medicine 1996, 43:1083–1095.
19. Stein AD, Zybert PA: vander Pal-de Bruin K, Lumey LH: Exposure to
famine during gestation, size at birth, and blood pressure at age
59 y: evidence from the Dutch Famine. Eur J Epidemiol 2006,
21:759–765.
20. Stanner SA, Bulmer K, Andrès C, Lantseva OE, Borodina V, Poteen VV, Yudkin JS:
Does malnutrition in utero determine diabetes and coronary heart disease
in adulthood? Results from the Leningrad siege study, a cross sectional
study. BMJ 1997, 315:1342–1348.
21. Huang C, Li Z, Wang M, Martorell R: Early life exposure to the 1959–1961
Chinese famine has long-term health consequences. J Nutr 2010,
10:1874–1878.
22. Ravelli AC, van der Meulen JH, Michels RP, Osmond C, Barker DJ, Hales CN,
Bleker OP: Glucose tolerance in adults after prenatal exposure to famine.
Lancet 1998, 351:173–177.
23. Berry RJ, Li Z: Folic acid alone prevents neural tube defects: evidence
from the China study. Epidemiology 2002, 13:114–116.
24. de Rooij SR, Painter RC, Roseboom TJ, Phillips DI, Osmond C, Barker DJ,
Tanck MW, Michels RP, Bossuyt PM, Bleker OP: Glucose tolerance at age 58
and the decline of glucose tolerance in comparison with age 50 in
people prenatally exposed to the Dutch famine. Diabetologia 2006,
49:637–643.
25. Li Y, He Y, Qi L, Jaddoe VW, Feskens EJ, Yang X, Ma G, Hu FB: Exposure to
the Chinese famine in early life and the risk of hyperglycemia and type
2 diabetes in adulthood. Diabetes 2010, 59:2400–2406.
26. Luo Z, Mu R, Zhang X: Famine and overweight in China. Rev Agricultural
Economics 2006, 28:296–304.
27. Yang Z, Zhao W, Zhang X, Mu R, Zhai Y, Kong L, Chen C: Impact of
famine during pregnancy and infancy on health in adulthood. Obes
Rev 2008, 9(Suppl. 1):95–99.
28. Ravelli AC, van Der Meulen JH, Osmond C, Barker DJ, Bleker OP: Obesity at
the age of 50 y in men and women exposed to famine prenatally. Am J
Clin Nutr 1999, 70:811–816.
29. Lussana F, Painter RC, Ocke MC, Buller HR, Bossuyt PM, Roseboom TJ:
Prenatal exposure to the Dutch famine is associated with a preference
for fatty foods and a more atherogenic lipid profile. Am J Clin Nutr 2008,
88:1648–1652.
30. Wang YH, Wang XL, Kong YH, Zhang JH, Zeng Q: The Great Chinese
Famine Leads to Shorter and Overweight Females in Chongqing
Chinese Population After 50 Years. Obesity 2010, 18:588–592.
31. Li YP, Zhang J, Qi L, He Y, Wang D, Lai JQ, Zhang J, Fu P, Yang XG, Hu FB:
Exposure to the Chinese Famine in Early Life and the Risk of Metabolic
Syndrome in Adulthood. Diabetes Care 2011, 34:1014–1018.
32. Lin JY, Yang DT: Food availability, entitlements and the Chinese famine
of 1959–61. Econ J 2000, 110:136–158.
33. Chen Y, Zhou LA: The long-term health and economic consequences of
the 1959–1961 famine in China. J Health Economics 2007, 26:659–681.
34. Ma Q, Li HQ, Diao YT, Cui J, Cui YC: Trend of gastric cancer mortality from
1970 to 2005 in Shandong Province. China Cancer 2009, 18(5):369–372. In
Chinese.
35. Parkin DM, Chen VW, Ferlay J, Galceran J, Storm HH, Whelan S:
Comparability and quality control in cancer registration. Lyon: IARC: IARC
Tech Rep No. 10; 1994:1–119.36. Chen JG, Zhu J, Parkin DM, Zhang YH, Lu JH, Zhu YR, Chen TY: Trends in
the incidence of cancer in Qidong, China, 1978–2002. Int J Cancer 2006,
119:1447–1454.
37. Rao C, Yang G, Hu J, Ma J, Xia W: Lopez AD: Validation of cause-of-death
statistics in urban China. Int J Epidemiol 2007, 36:642–651.
38. Zhaoyuan County Annals Edited Office: Historical records of grain per capita
from 1955 to 1985 for farmers in Zhaoyuan County.: ; 1989.
39. Yang YX, He M, Pan XC: China food composition 2004. Peking University
Medical Press 2008: Institute of Nutrition and Food Safety, China CDC; 2008.
In Chinese.
40. Partha D, Debraj R: In equality as a determinant of malnutrition and
unemployment: Theory. Economic Journal 1986, 96:1011–1034. In Chinese.
41. Zhe-min LI: Change of Chinese Inhabitant's Food Consumption and
Nutrition Development in the Last 50 Years. Resources Science 2007,
29:27–35.
42. Peng X: Demographic consequences of the Great Leap Forward in
China's Provinces. Population and Development Review 1987, 13(4):639–670.
In Chinese.
43. Shandong Bureau Statistics and Population Census Office: 1949–1984 A
Compilation of Population Statistical Data. Shandong Bureau: Jinan,
Shandong Bureau Statistics Jining Press; 1985.
44. Kim HJ, Fay MP, Feuer EJ, Midthune DN: Permutation tests for joinpoint
regression with applications to cancer rates. Stat Med 2000, 19:335–351.
45. Armenian HK, Lilienfeild AM: The distribution of incubation periods of
neoplastic diseases. AM J Epidemiol 1974, 99:92–100.
46. Chen Z: National mortality survey. Pejing, China: Xiehe University Press;
2008:233. In Chinese.
47. Xiang YB, Jin F, Gao YT: Cancer survival in Shanghai, China, 1992–1995.
IARC Sci Publ 2011, 162:55–68.
48. Chen JG, Zhu J, Zhang YH, Lu JH: Cancer survival in Qidong, China, 1992–
2000. IARC Sci Publ 2011, 162:43–53.
49. Cai Y, Feng W: Famine, social disruption, and involuntary fetal loss:
evidence from Chinese survey data. Demography 2005, 42(2):301–322.
50. Chang GH, Wen GJ: Communal dining and the Chinese famine of 1958–
61. Econ Dev Cult Change 1997, 46:1–34.
51. Song S, Wang W, Hu P: Famine, death, and madness: schizophrenia in
early adulthood after prenatal exposure to the Chinese Great Leap
Forward Famine. Soc Sci Med 2009, 68:1315–1321.
52. Risch HA: Pancreatic cancer: Helicobacter pylori colonization, N-
nitrosamine exposures, and ABO blood group. Mol Carcinog 2012,
51(1):109–118.
53. Li HQ, Xu HX, LI L, Jin SK, Gao XQ, Sun N, Yuan XY, Ma QH:
Atrophied gastritis and diet case–control study. Chine J Epidemiol
1989, 10(4):227–230. In Chinese.
54. You WC, Zhang L, Gail MH, Ma JL, Chang YS, Blot WJ, Li JY, Zhao CL, Liu
WD, Li HQ, Hu YR, Bravo JC, Correa P, Xu GW, Fraumeni JF Jr:
Helicobacter pylori infection, garlic intake and precancerous lesions in
a Chinese population at low risk of gastric cancer. Int J Epidemiol 1998,
27(6):941–944.
55. Mei X, Wang ML, Xu HX, Pan XP, Gao CY, Han N, Fu MY: Garlic and gastric
cancer- the effect of garlic on nitrite and nitrate in gastric juice. Acta
Nutrition Sinca 1982, 4(1):53–58. In Chinese.
56. Helicobacter and Cancer Collaborative Group: Gastric cancer and
Helicobacter pylori: a combined analysis of 12 case control studies
nested within prospective cohorts. Gut 2001, 49:347–353.
57. Uemura N, Okamoto S, Yamamoto S, Matsumura N, Yamaguchi S, Yamakido
M, Taniyama K, Sasaki N, Schlemper RJ: Helicobacter pylori infection and
the development of gastric cancer. N Engl J Med 2001, 345:784–789.
58. Wong BCY, Lam SK, Wong WM, Chen JS, Zheng TT, Feng RE, Lai KC, Hu
WHC, Yuen ST, Leung SY DYT, Ho J, Ching CK, Chen JS: Helicobacter pylori
Eradication to Prevent Gastric Cancer in a High-Risk Region of China.
JAMA 2004, 291:187–194.
59. Yuan JM, Yu MC, Xu WW, Cockburn M, Gao YT, Ross RK: Helicobacter pylori
Infection and Risk of Gastric Cancer in Shanghai, China: Updated Results
Based upon a Locally Developed and Validated Assay and Further
Follow-Up of the Cohort. Cancer Epidemiol Biomarkers Prev 1999, 8:621–624.
60. Wang RT, Wang T, Chen K, Wang JY, Zhang JP, Lin SR, Zhu YM, Zhang WM,
Cao YX, Zhu CW, Yu H, Cong YJ, Zheng S, Wu BQ: Helicobacter pylori
infection and gastric cancer: evidence from a retrospective cohort study
and nested case–control study in China. World J Gastroenterol 2002,
8:1103–1107.
Li et al. BMC Cancer 2012, 12:315 Page 12 of 12
http://www.biomedcentral.com/1471-2407/12/31561. Buckland G, Agudo A, Luján L, Jakszyn P, Bueno-de-Mesquita HB, Palli D,
Boeing H, Carneiro F, Krogh V, Sacerdote C, Tumino R, Panico S, Nesi G,
Manjer J, Regnér S, Johansson I, Stenling R, Sanchez MJ, Dorronsoro M,
Barricarte A, Navarro C, Quirós JR, Allen NE, Key TJ, Bingham S, Kaaks R,
Overvad K, Jensen M, Olsen A, Tjønneland A, et al: Adherence to a
Mediterranean diet and risk of gastric adenocarcinoma within the
European Prospective Investigation into Cancer and Nutrition (EPIC)
cohort study. Am J Clin Nutr 2010, 91(2):381–390.
62. Novis BH, Gabay G, Naftali T: Helicobacter pylori the Middle East scenario.
Yale J Biol Med 1998, 71:135–141.
63. Oh CA, Kim DH, Oh SJ, Choi MG, Noh JH, Sohn TS, Bae JM, Kim S: Nutritional
risk index as a predictor of postoperative wound complications after
gastrectomy. World J Gastroenterol 2012, 18(7):673–678.
64. Tramacere I, Negri E, Pelucchi C, Bagnardi V, Rota M, Scotti L, Islami F,
Corrao G, La Vecchia C, Boffetta P: A meta-analysis on alcohol drinking
and gastric cancer risk. Ann Oncol 2012, 23(1):28–36.
65. Mikko S: Interactions of alcohol and tobacco in gastrointestinal cancer.
J Gastroenterol Hepatol 2012, 27(Suppl 2):135–139.
66. Shin CM, Kim N, Cho SI, Kim JS, Jung HC, Song IS: Association between
alcohol intake and risk for gastric cancer with regard to ALDH2
genotype in the Korean population. Int J Epidemiol 2011, 40(4):1047–1055.
doi:10.1186/1471-2407-12-315
Cite this article as: Li et al.: Nutrition deficiency increases the risk of
stomach cancer mortality. BMC Cancer 2012 12:315.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
